We have previously demonstrated that the use of a daily "Quality Rounds Checklist" (QRC) can increase compliance with evidencebased prophylactic measures and decrease complications in a busy trauma intensive care unit (ICU) over a 3-month period. This study was designed to determine the sustainability of QRC use over 1 year and examine the relationship between compliance and outcome improvement. Methods: A prospective before-after design was used to examine the effectiveness of the QRC tool in documenting compliance with 16 prophylactic measures for ventilator-associated pneumonia (VAP), deep venous thrombosis, pulmonary embolism, catheter-related bloodstream infection, and other ICU complications. The QRC was implemented on a daily basis for a 1-year period by the ICU fellow on duty. Monthly compliance rates were assessed by a multidisciplinary team for development of strategies for real-time improvement. Compliance and outcomes were captured over 1 year of QRC use. Results: QRC use was associated with a sustained improvement of VAP bundle and other compliance measures over a year of use. After multivariable analysis adjusting for age (Ͼ55), injury mechanism, Glasgow Coma Scale score (Յ8), and Injury Severity Score (Ͼ20), the rate of VAP was significantly lower after QRC use, with an adjusted mean difference of Ϫ6.65 (per 1,000 device days; 95% confidence interval, Ϫ9.27 to Ϫ4.04; p ϭ 0.008). During the year of QRC use, 3% of patients developed a VAP if all four daily bundle measures were met for the duration of ICU stay versus 14% in those with partial compliance (p ϭ 0.04). The overall VAP rate with full compliance was 5.29 versus 9.23 (per 1,000 device days) with partial compliance. Compared with the previous year, a 24% decrease in the number of pneumonias was recorded for the year of QRC use, representing an estimated cost savings of approximately $400,000. Conclusion: The use of a QRC facilitates sustainable improvement in compliance rates for clinically significant prophylactic measures in a busy Level I trauma ICU. The daily use of the QRC, requiring just a few minutes per patient to complete, equates to cost-effective improvement in patient outcomes.
Q uality improvement (QI) continues to play an increasingly important role in health care, partly because of recognition that 44,000 to 98,000 Americans may die each year as a result of errors in hospital care. 1, 2 Even using the lower, more conservative range of this estimate would place preventable adverse events as the eighth leading cause of death in the United States, surpassing that attributable to motor vehicle crashes. An improved awareness of these dangers has fueled healthcare reforms driven directly by government regulation and indirectly by market forces, with the latter impact manifesting changes both in Medicare reimbursement withholdings and private insurer incentives.
The importance of QI is perhaps most apparent in the intensive care unit (ICU), where the level of acuity and complexity of care demand a substantial commitment to preventative practices. A growing abundance of best-practice measures, however, make QI initiatives difficult to implement and sustain. 3 However, the effective introduction of preventative interventions has been associated with reduction of such serious complications of care, such as catheter-related blood stream infection and ventilator-associated pneumonia (VAP). 4 -8 These benefits have been achieved by improving compliance with evidence-based practices, including those outlined in the Surviving Sepsis Campaign, 9 through the use of "bundling" and other innovative solutions.
At our institution, a Quality Rounds Checklist (QRC) was developed to improve compliance with evidence-based preventative measures. We have previously reported that daily use of the QRC resulted in both an improved compliance with prophylactic goals and a decrease in adverse outcomes, including VAP. 10 Although these findings were encouraging, our initial study was limited by the brief duration of its design. The present examination was designed to determine the sustainability of daily QRC use and to establish a correlation between the subsequent compliance achieved and resulting clinical outcomes, during a 14-month period.
METHODS
This was a prospective, observational study at a busy urban Level I trauma center conducted during a 14-month period. During the first month, the QRC was used, in a blinded fashion by a researcher not engaged in patient care, to identify baseline compliance with prophylactic measures in our trauma ICU. For the remainder of the study period, the clinical ICU fellow on duty used the QRC during rounds to determine compliance with prophylactic measures for every trauma patient on a daily basis. The QRC consists of 22 data points, including 16 prophylactic best-practice measures. These measures include VAP prevention bundle interventions, central line and other invasive device assessment, glucose control, nutrition, need for antibiotics, and code status (Fig. 1) . The QRC served as both a cue to identify deficiencies for immediate correction and a method to prospectively monitor compliance. Data collected were entered into an Excel spreadsheet for subsequent statistical analyses of compliance results. These figures were then reviewed at monthly multidisciplinary meetings to identify systemic deficiencies and develop cohesive strategies to address areas in need of improvement.
In addition to compliance rates, we also analyzed clinical outcome measures including mortality, ICU length of stay (ICU LOS) and hospital LOS, and morbidities, which include the development of pulmonary embolism (PE), deep venous thrombosis (DVT), gastrointestinal (GI) bleed, and VAP. DVT and PE were detected by duplex sonography and computed tomography with pulmonary angiography when the need for obtaining these tests was determined as clinically indicated by the care team. VAP was diagnosed using Centers for Disease Control and Prevention National Nosocomial Infectious Surveillance definitions 11 in the process of prospective surveys by a dedicated hospital epidemiologic team consisting of the trauma ICU Director, an epidemiology nurse, and board-certified infectious disease-attending physician. To develop comparison cohorts from the pre-and post-QRC implementation periods, trauma patients admitted to the ICU Ͼ48 hours during the period of QRC use were compared with a similar control cohort from the year before introduction of the QRC.
Normally distributed, continuous variables were compared using Student's t test, and the Mann-Whitney U test was used for those with an abnormal distribution. The 2 test or Fisher's exact test was used to compare categorical variables. Variables commonly associated with a higher incidence of VAP were entered into a multivariable logistic regression analysis to obtain adjusted rates of VAP calculated in cases per 1,000 ventilator days. The adjusted odds ratio, with 95% confidence intervals, was derived from logistic regression analysis after adjusting for possible confounders, and statistical significance was set at p Ͻ 0.05. All statistical analysis was performed using SPSS software, version 12.0, for Windows (SPSS, Chicago, IL).
To better define the impact of compliance on clinical outcomes, patients within the study cohort were analyzed further in an attempt to identify a relationship between VAP bundle compliance and the incidence of VAP. All patients ventilated Ͼ48 hours were divided into "partial" and "full" compliance groups. For the purpose of our study, "full compliance" was defined as accomplishing all four of the VAP bundle measures within 24 hours of admission and maintaining this standard for the duration of ICU stay. After identifying these two cohorts, their basic demographics and clinical end points were then compared, using a p value Ͻ0.05 to determine statistical significance.
RESULTS
Compared with the month before implementation, compliance with the four measures of the VAP bundle remained significantly elevated at 3, 6, and 13 months postimplementation of the QRC ( Fig. 2 ; Table 1 ). For comparison of clinical end points, the 570 patients admitted during the QRC implementation period were compared with the 577 trauma ICU admit controls from the year before QRC introduction. Demographics were compared between these two groups, revealing no statistically significant differences in clinically relevant demographics (Table 2 ). In addition, no statistically significant differences in the clinical end points of mortality, development of GI bleeding and PE, or ICU LOS and hospital LOS were identified (Table 3) .
However, there was a reduction in the occurrence of VAP between the pre-QRC and post-QRC groups. The overall number of identified VAP decreased from 33 in the year before QRC introduction to 25 during the year of implemen- tation. This correlated to a reduction in VAP incidence from 12.41 to 8.74 (per 1,000 ventilator days). After multivariable adjustments for age Ͼ55 years, mechanism, Glasgow Coma Scale score Յ8, and Injury Severity Score Ͼ20, this difference proved a statistically significant improvement in VAP rates, with an adjusted mean difference of 6.65 (per 1,000 ventilator days; 95% confidence interval, 4.04 -9.27; p ϭ 0.008; Table 4 ). In our comparison of partial versus full compliance groups from the QRC implementation period, we noted a significantly lower incidence of VAP among those patients in whom full compliance with VAP bundle measures was obtained, i.e., from 13.4% to 3.5% (p ϭ 0.04). The corresponding VAP rates equated to 9.23 (per 1,000 ventilator days) for Table 6 ).
DISCUSSION
Born out of the revolution in industrial processes that occurred in the United States during the 1920s, quality improvement initiatives have evolved to be incorporated into a variety of different arenas. During this evolution, proponents of QI philosophies have often studied process improvement endeavors that are found to be successful in one field to innovatively modify them for use in another. In the same fashion, we have altered a common, successful practice used in the aviation industry for application in the realm of trauma critical care. Although not all doctors are pilots, and patients are certainly not planes, there are some important similarities between critical care and operating modern aircraft. The flight of contemporary airframes is a high-performance, complex endeavor in which overlooked safety measures significantly increase the risk for adverse outcome, including death. These facts were not lost on the B-17 test pilots of Boeing, who in 1935, were confronted with one of the most advanced flying craft their industry had ever seen. Faced with the daunting task of preparing this complex new plane for a safe flight, these pioneers developed pilot checklists consisting of consistent and reproducible step-by-step algorithms for takeoff, flight, landing, and taxiing.
Similar to the B-17 of the 1930s, the modern ICU has become increasingly more advanced than its predecessors. Safe care of patients in this environment requires hundreds of daily actions by nurses and doctors, including medication administration, maintenance of invasive devices, and prophylactic interventions. To effectively and safely accomplish, these tasks requires significant manpower and attention to detail, often using innovative solutions and tools. In 2001, Pronovost et al. 12 described their use of a ICU daily goals form, which was associated with a 50% reduction in ICU LOS. In conjunction with a nationwide movement for quality improvement in health care, 13,14 many groups have followed suit in adopting checklists and other tools to aid them in improving adherence to best-practice measures in complex healthcare settings.
In our previous study, 10 we described the design of the QRC and our use of this tool in a trauma ICU. With the institution of the checklist, we were able to achieve a statistically significant improvement in our compliance with a number of daily quality improvement measures. Subsequently, these gains were associated with a decrease in rates of both catheter-related blood stream infections and VAP in our patient population. Our approach somewhat differs from previously reported strategies, 15, 16 in that the QRC is designed to be used by a surgical intensivist in the completion of their daily rounds, enabling the provider to correct deficiencies in real time. In addition, the data provided by the use of the QRC are collected on a continual basis and reviewed at a monthly multidisciplinary Trauma and Critical Care Quality Improvement Committee meeting. In this setting, systemic and policy changes for additional improvement can be discussed, developed, and implemented for all the ICU environments of our facility.
One of the primary goals of this examination was to determine whether improvements in compliance with evidence-based practices would prove sustainable beyond the 3-month period of our initial examination. There are several factors inherent to academic critical care environment that represent potential impediments to the accomplishment of this task. Changes in personnel and staff turnover represent significant challenges, as each new member of the team must be oriented to the goals and completion of the QRC. In our own experience, these concerns were magnified by the fact that, in the midst of the study, our entire ICU was relocated to a newly built facility with an increased number of ICU beds and new surroundings. To combat these adversities, new fellows were initiated at the beginning of the academic year and were trained in appropriate QRC use. This approach assured that each new fellow rapidly learned to complete the QRC for the entire trauma population in less than 1 hour on a daily basis. Regular in-servicing of nursing staff on the importance of prophylactic measures was also conducted. These efforts contributed to the creation of a culture in our ICU in which nurses, respiratory therapists, and other ancillary staff were appropriately educated in QRC measures and were better able to contribute in bringing deficiencies to the attention of the rounding personnel.
Another major goal of our study was to examine the relationship between QRC implementation over a significant time period and subsequent clinical outcomes. The concept of care bundling as developed by the Institute for Healthcare Improvement 17 is well established and accepted. The potential efficacy of these practices in improving clinical outcomes has also been supported in literature. 6, 7 One of the more commonly studied grouped interventions is the VAP prevention bundle, consisting of elevation of the head of bed Ͼ30 degrees, subglottic suctioning, daily sedation holiday with assessment for ventilation weaning, and both DVT and GI prophylaxis. By incorporating this bundle of interventions in our QRC, we were able to appreciate a subsequent decrease in the VAP rates in our patient population. Comparing the VAP rate for the year before QRC implementation with that during the same interval after initiation of daily tool use, an adjusted mean difference of 6.65 per 1,000 device days in favor of the latter period was observed. We, further, specifically examined the period of QRC use to determine a correlation between the degree of compliance with VAP bundle measures and the subsequent incidence of VAP. In this portion of our study, we found that if full compliance with all four measures was achieved within 24 hours of admission and sustained for the duration of the ICU stay, 3% of patients developed VAP. In contrast, among patients in whom these criteria were not achieved, 24% developed this significant morbidity. Further, these findings support the potential value of bundled VAP prophylactic interventions, while also highlighting the benefit that high levels of compliance with these interventions are likely to represent in both avoidance of morbidity and cost savings.
Our study has several important limitations. In particular, our study design did not provide us adequate data that could be used to delineate why we were unable to achieve full compliance with VAP bundle measures in some patients. When we compared those patients for whom full compliance was achieved with those in whom this goal was not accomplished (Table 5) , we found that they were similar in almost every regard, the exception being that those with partial compliance were more commonly injured by penetrating mechanisms. We surmise that these patients might have been subjected to longer periods of spine precautions, preventing head of bed elevation within the 24 -hour period required to meet the definition of "full" compliance as defined by our design. Although the incidence of spinal fractures (Table 5) was the same between the two groups, this remains a possibility. The absence of DVT prophylaxis in the early phases of significant intracranial or solid organ injury might also have contributed to higher rates of partial compliance. The myriad of other factors that might contribute to a physician's decision to maintain spinal precautions beyond 24 hours were not adequately captured by our design. As our tool continues to evolve, we have focused additional effort on the more precise identification of the reasons why full compliance is not attained in each patient. By incorporating data on the medical rationale for these deficiencies into our ongoing-quality review and outcomes analysis, we hope to learn more about the reasons for and impact of partial compliance for these patients. However in this report,, the absence of this information represents a significant shortcoming. In addition, although we were able to show a decrease in VAP rates among our study population after QRC use, we were not able to demonstrate an associated improvement in other clinical outcomes, such as peptic ulcer disease complications, occurrence of DVT or PE, or mortality. It is also important to note that our study population primarily consisted of trauma ICU patients; extrapolation of our results to other ICU populations requires additional investigation. Any endeavor in data collection relying so heavily on human input also lends itself to discrepancy and data lapses. In our experience, however, we found that heavy emphasis on the importance of the effort combined with the requirement of the fellows to present their data in a multidisciplinary setting at the end of their month in the trauma ICU created an environment in which each respective data point examined was recorded accurately with a frequency exceeding 95%. Finally, as with any quality tool, the QRC used by our group remains a dynamic instrument that requires continuous reevaluation in a multidisciplinary setting and education to remain a valid instrument of improved care.
Successful implementation of a QRC or other evidencebased prophylactic tool demands collaboration and commitment from providers at every level and a shared dedication to creating an organized culture of patient safety and quality improvement. Some key factors that may be required for sustainability include strong leadership, education to all levels, and user-friendly tool with which to collect and analyze data on a daily basis. 18 Future challenges for these initiatives include the use of new technologies, including portable electronic devices, to assist in these endeavors.
CONCLUSION
Our results suggest that the daily use of a QRC to support compliance with evidence-based endeavors is a sus- tainable venture that may significantly improve VAP rates in a busy trauma ICU. Although the factors affecting the ability to achieve full compliance with prophylactic measures require further investigation, there also appears to be a relationship between bundle compliance rates and the incidence of VAP in this patient setting.
